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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the 
introduction of defects by suppressing cracks 
generated by difference in the thermal expansion 
coefficients between a growing III-V comp. 
semiconductor layer and a substrate crystal, and a 
difference in grid constants. 

SOLUTION: Through the use of a substrate limiting a 
growing region 1 3 by a mask 14, the facet structure 
of a III-V comp. semiconductor film 1 5 is formed (b) 
by epitaxial growth, for growing (c) the facet structure 
to cover the mask 14. In addition, the facet structure 
is completely embedded (d). A III-V comp. 
semiconductor layer with a flat surface is finally 
formed (e). 
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C, MgAl 2 0 4 , LiGa0 2 , ZnO^©«t£ 
^<D, GaN, GaAlNv InGaN, InN, Ga 
AsyiiGaPfffll I I— V&{b-&%¥3?(*©J£:K£ 

[0 0.3 7] Sfc01*StM40 5-Cttl&EK-£©&fiD 

4^ftMBi t v * * * J&fiB L fc M &Slt* s « StS 1 
lSHi{Cffi|gv^^£^J5ELT01 (b) ~ (e) &3 
^(J05 (b) ~ (d) <D7a J b7>*'rlr>Xt>fflUt£ifo 



[0 0 3 8] $e.C*HJS©JBSStttv^^ 1 4fcUT 

«s#sft4*>©Tfc*iii, jsniswojBtttfJSiBtt, 
[0039] (mzonmwtm) #«t!f!<3»3 

I I I-VKfb^4M»fc©:tK**^*;w*ft*Qa 
NS*##©fiE*fc:«ffl L G a N3R**j*BtSJBfi£-r4 
&©T-&£o 

[0 0 40] H 3 OHJSOJBffittx » 1 ©Hffi©ff£<8& 
S I gl 2 CDXMtfDjBS T- K L & x K £ * v * ;U5&ft 
SGa N*4M*f*K*iJffl Lfc *«DT?fc 5 x *«« 

[0 0 4 1] tt b«6t, G a K&*&frtm&m<%&*> 

[0 0 4 2] ifclCfiESiail^ L G a NSfi§«:fflx f 

3W*:©railj«ft#iSttx I I IJjaSftJCif'J >>A (G 
a) tmitfrm (HC1) <D£.SB£l£®Z-&Z1&<bJ3 t ) 
r>A (GaCl) fcVJJUSHsMCT'V^T' (NH 3 ) # 
**ffl<>**ffl*bWlli£&(::£*$M8J** (VPE : Vapo 
r Phase Epitaxy ) T^?>a^ h'7>f h'VPEj£ 

S (MO CVD : Metal Organic Vapor PhaseEpitax 
y) Sffl^S. f&ftigJgli 6 5 0°CA^ HOO'Ctfi 

v\ vmmuvm&m&i i igyjs*4©fjya*£*fi^ 

2 0 0 0 0 0fg£K*&-fftfc£.fcV>. 
[0 0 4 3] G a NIfittlfflx ^ ^ t -H'fiSl 
l±, S l©^SS©ff^i:lq)mic, GaNJR**flei)MiOJ(H 

jgcD, j&JH^±©GaNJM£#*Mtfctta££<Z>S;& 

[0 0 4 4] *)Ul$&%mfZt, GaNf> 

#ig<*(±7T-fe'> r aiI©Sf-#bTSit&#fot-f£:ft 

#SItrfc©> WT-*t < vx^7 £ 5 

y hffi'jatmMtZc 

[0 0 4 5] GaNI±^VU^JSa^©f^* s BSi^^». 
tt*© G a N^^f*©^ B s a BEftT-l±a«i: LT+t 7 r 

-f7S«, s i cmmem^z%tz*\ ^ne.o«« 

liGa N^4 £ «?i$i:(ite-?-/£S!J J f > S(:SC?S J MA i S J &-^"t'' >l 
S o Z CD fz to G a N « * if f* © x 1 9 * is f « * f f 
o h v Bffi i:©^r®T-^ U fetSA^Kt: t *» *c 5 «<fi 
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[0 0 4 6] *%m.<DBmti.Z>^\Z9*i/*)bl&%j3 

51 £ 5 G a N 3M£iS£ {# & f * * * ;UfS;ft L- T ^ 
C©7 7-bf H£figft»Jg*Hfe©S<£D31^fctot:: 
an, 7 KOtbatiD* SfEtGaNliUMSft 

tf «t -5 & 9 , SIS i: Sit fairc l > tzmZftMiM.ttJS 
ft ^ f $ IF 3 C i: * 5 T- § & < & 2) o 
[0 0 4 7] UfctfoTGaNJM^ffcOlSB&Pffltt:? 

[0 0 4 8] Z(D^oCm^±iZ^^,^lZX dsurwk 
JfM^nfcSI»77-b-j( HJfjg£*-f *GaN& 

Pi? £**s tz m h t Z. t * s °Jb£ t «e 5 . 
[0 0 4 9] £e>C> »3CDHSfiO»3BT»6ftSOa 

C feffifcHKB'i^SeV G a N JMN?«BS 

a N«*»tt:«?0*JBHI!ao«liSttfea#-r « d t* s 

[0 0 5 0] t fc G a NS*i|^?i s G aNIf ifii 

tGa N^^ft##S?i?K*M*£>£ffiaSffl^©®siff2 

[0 0 5 1] $?>l:GaNMi|^*I?i) s GaNS 
iJi^U-tfO^-^tt, G a NMf^fc^^^ltfS 

ct 5 ^ 5 -©{1^A 5 qftigfc: fe -5 o 
[0 0 5 2] fc:}b\ sf§ 3 (D$tM<DB1&fc&ttZ>G a 

*frmm*m^tcsffit LtztK %2<Dmm.v>Bmx*> 

[ 0 0 5 3 ] W, 3 0^«£©J^<BOSiWCIi % G a 

*j««bfc«t, isg &n^un^mMiz^7.9^im 

[0 0 5 4] ^6<-*H4E®ff^-ffl<'^v^^i:L/T 



©»*t*0- £ G aN»*»(*Bl4: LTIiG aN, A 1 
GaNs InGaNftfSlf^nStfGaNtfS^^ 

[0 0 5 5] *fcGaN&¥iSf*jR?i:l/ttiu G aN 
ft i/ -if G a N ft L E D m<D G a N 
3tf?0ffitFET-¥'HBT&^Or-'H ^JlfcilfflRj 

[0 0 5 6] (Sg 4 ©Hfig©ff#8) #&H3©m 4 ©106 

[0 0 5 7] §14 ©SSjfiCDJBJBtt, G a Nft*#<*i:»fc 
USia^^iA^^SSffiif:, jg l ©HS£©J£ 
*§©i * 5/ * ;H***«ffl G a N#¥*<*MR 
ftfiRftU .S6CiOGaNS**ft)ll!IJ:l:GaNSR 

[0 0 5 8] 3? 4 (Dmm<DBmX-itGa Nft¥*t*fll± 
© G a Nft^ig&ifl^ tLtGaN 36*«*«3fe*^ € 

[0059] ttbtotr. gigststv;** eMt, 7 
ftB&ztitzmtRzm^Zo 

[0 0 6 0] -<rXirR.Vi&&W*<DJ&Rk Hit $ 1 
<D%m<DBB<D&VI<D£o lZl&&mt&<D G a Nft^igf* 

[0 0 6 1] JfefcfiftftfiK*£** OG aNSiHKWxK 

I IKJl^ir*"»J (Ga) fcJgfbzkSs (HC1) © 
fi*S£#*J"C*Sttfb*" , J , >* (GaCl) fcViSJB** 
{IT> ; e-7' (NH 3 ) *"X?£ffli'''5>'N'1* h'VP 
EifetfffSLV^tf, *«ft«fb^«*B«*fe (MO VP 
E) $:ffl^^T*«tV^o 

[0 0 6 2] GaN^*^*©^t:^^i' J f>'l'JE!icSI±x 

m i (Dmmmm tmmt, g a n*^^*??) 3 ^^ 

[0 0 6 3] ■:tlf*3rS'-WI/fifcK£^l*S£N GaNi 

5. ^UT^g^-5^ft^©GaNS^f*M©7 7' 

tt^h, GaNf^ftiat)77t9 h«3i7b s Si6ji 
fH&ttfctt, 3pJB«tSH€:#-r5GaN^#fr 

[0 0 64] *C G aN^ilffiil: G a N»*«# 

fig G a NMilffi»«^itSfi^M 0 C 

VDMC-b-^U /W£©fSJB£s V/II 
ItfcT-v nIGaNi, nSAlGaN^7vH, n 
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iirgte!^ pSAlGaNl, plGaN^FI> 
pSAlGaNf7vHI, pIGaN^Vi'^H?: 

[0 0 6 5] u— y-mmzwif&htz&fazmm 
^mimv-^zmm lt g a n m^mtt-mzm&z-z 

%o fSHibfcGaN^i#f*flll©®> «t>%GaNf« 

[0067] mi<Dnm<Dmm<D^v-$>*i' j rji>f3.m.z- 

ff 6 iife G a N WK±(C G a N J^tflil 

*B£ft-r?>-i:t«fcD> t£&©ir:7 7''rTSt£££BV''fc 

fiE^T- RW £ ft ^ t V > fc G a N & K *J » 

3 = t;i'*i'l';uj«fl«©«iH*fe* i at«ST-*. GaNS 

[0 0 6 8] $ t,t:G a NIMftf ? tfG a N^f 

d fcft < fcft ST* S «ffif^Kxe#«BSfllT? & 

[0 0 6 9] IfcGaN^M^^GaNI* 
igffcU— If ©*§•&», S^J^Pil^^ftVAGaN^^^f* 

%miZ£.i) GaNlfc**<*U--tf$i£©#*g§g5 7-® 

S«*ifcXST-ft«8 * 5 -ffl SJfJES bfc &©£ it^* 
$aic®Bg{bT-§^g* 5 *»*Hfciqi±T?ar3. 

[0 0 7 0] ft*>\ »4 0^as©JB»tt±l30KWKI8 
S££ft£fc©T-(;£ft<U s&ISCJS bT{feO«iJ5E. J$fti£ 

[OO71]0'Jxlix GaN**iWWR«)xKi'ti/t 

^w&juiig i ©ms©ff»c itr-ft < s 2 (Drnrnw* 

[0 0 7 2] S6KGaN?&¥W*St±fcGaN3M&i» 

fe#, GaNS*i|(*IBM(:Ii^ vX^tGaN 
JR*«flaiO-»*IHl* bfc&£ G a N?^«M?0 

[0 0 7 3)4:*, GaNS^ftliti^lE ^7.^ 
U^MftMM LtztiK G aN^^MitM 
$ ftfc G a NjRiNI(t:)R?fi!)ISattO»*£ Itfffc V *© 
Tfcftt;£> T**©|ft*&f7*v*\ GaN^« 

[0 0 7 4] £e>K#Hifc©JB/Bfcffl^Sv**fc bT 
lift 1 ®'^B1Effl«5?Jife 5 O ttSg 2 O^ifiOJB!® i: (stftft 
»*4, fM^afflt5Ct* ! t^S« 



©Jfc!Bfc:m**GaN3&*»f*«i:l/tttGaN s Al 
GaN, InGaNqfj&ifcfcT&ftatfGaNtfafcJFS 
b^. 

[0 0 7 5] S^GaNJM&iiftJfrFfcLTfclu GaN 
-If GaNSLEDfCGa N &#^{*& 
^^©ffe K F E T -S> H B T ft fO>=r> * 4 7. \Z t> Mm °T 

[0 0 7 6] 

[HfiSM #£*8W0lliEWCo^TiaE€:#J8bT 

[0077] (mi ©saew ^m<Dmmm^-o^ 

X, m 1 S^SBUTBiW'f 5. *IIMT-I±» Sllilb 
T, (00 0 1) M77-f7 (Al 2 0 3 ) »*£1 
1 ±C 1 >u mfl£©BIJf © GaNi T 2 &&t>ti> b 46B 
EElfeSS^fflV^c:. CCGaNU 2gItS i 0 2 

3=->^T-V** 1 4 2:figftttttl 3^^-gibfc. J^ftjR 
J&l 3*J e fcl>'x'^^ 1 4fcfc, -£ft-eix5/zm:fc<fc£>"2/z 
m©*!©* h5-f 7"#T-&S. ^ h5>J 7%fa&< 1 1 
-2 0>^(qjfcbfc ( (IH1 (a)), 
[0 0 7 8] fiScft^l 3CMlt5GaNIl 5{£, 
I I I0OKttt:# , J0A (Ga) i:«Mb*JR (HC1) 
©S^^JSRftT-ftSJSftJtjyfA (GaCl) tVM 
3ft£T> ; e^7' (NH 3 ) UX&m^Z'^-f Y^-i V 
VPEi£&fB<^fc. SSI l^W h*7-f H©fig*«© 

tc-t ? b u fom9-®%zf&&£M i o o o'ctc^jg-r 

bTfre>, HCl$g£20cc/ 
§7>-C-0t*&bs NH 3 StlS 1 0 0 0 c c/mftX' 5 t>S 
g.m&-tZZ.£X, fiEft^l 3CGaNI15ffl (1 
-10 1} W5.*57 7-Cf hfi|ji«:fi£g$-e'7t (0 

1 (b) ) . ^e>t> 2 O^BBSfiitT^^S/V^ft 
i&Mlts -7^^ 1 4^l9ST7 7t>y h«iil 6$:^ 
(01 (c) ) o 

[0 0 7 9] ^\Z**i/*)\sf8M&mVZ>Z}i\Z3: 57 
7t»; bfiijt*a»a^ (HI (d) ) v gi^WlCJi, 
5 B$F^©j**t- 2 0 O/zmSfiO^Paft^SSr^^SG 
aNK§M?-tffe (H!l (e) ) . GaNflH15£B 

T>^-T^£t%^bft* s e>v #ffi*T-?*aib 
[0080)^1 o^jswcttjffi«*«*»Jis-r sa^ 

^iciD, «!l^* s {1-10 1} BH&577%f 
h«ff5figbti^Sfi!tft5:(foT0 5. C © 7 7 -fe w Hi 

hA«sn5Sijtt> ai^iitiwtntefii) 5 , 77 

-try h©iiJ^T-c:©7jl°]^^O c '5c:i:* J T-^ft <^So 
[0 0 8 1 ] #fc«!llfc£&l$£bfefS£*I¥fflfc:M'*4 
7 7t9 h©fcbSIT", tt^Cftlf6>ns' xW* 
->-wbjR©JBifl«fi*i]K:#i\ iS B ^©5S6i-msc:i:A s t>^ 
,t, iiitrit). if^*-> j r;i/^(*i©^Pia©MA s 
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[0082] mi^nrnmizx^xr^^ritzGaum 
1 5 {c ii, v y 74 yms. 1 1 t&ttm-vj&Btmm 

tflo £ * frirt) <=> ? * 7 "J V # Ao T V> d t #6t 

PlB##^tl'J>& < ^ *Rb&£(£ 1 0 6 cm 2 |!JST-$> 
of:, 

[0 0 8 3] *^SSfi?'J-C-fi5cft Ufc G a NBg(±*Pi?##?i? 

C©±t3lx— 9% FET> :fc«fct>'HBT&£ 

[0 0 8 4] $e>(rtf7 7"l'7'atSl lS:WHi^^«t-3 

[0 0 8 5] Hi <D^ifS0!IT-(is G a NJH©x 
*^£Jg<b£%fiySf£fti£ (MOCVD) £ffl(,NTt>|s] 

«^^Mfe>ns. sfcAi 2 o 3 s«i izm^tz 

iK SiSfc ZnOSISs SiCSE LiGa0 2 

mm, MgAij o 4 ms.m%m^Tt>mmte?*)}m 

MfetVSo $e.l3Al 2 0 3 »£ll±CGaNM 
l 2565>i'l;feMbti) ! , Sf£ 1 ^tiSfgx'^i' 

[0 08 6] Sfc7^^14i:LTSi0 2 Srfflt^fc 

#cfifcpg<p*'i6&©-c-{±&<, siN x mommfe 

mt^^o Z.<D$mmx 1 4©<H£ 2 jurat 

tji^tm e>ns. ^?6i:^h7-{7s<i 1-2 o> 

mm<D^m< 1 - 1 0 0>X&£.<s dft^©^*^ 

[0 0 8 7] £fcGaN©^£#:^ ^fiE^-o^T 
iE^fe;^ I nG aNJM> AlGaNflfl, InNE G 
a PJH&MMiG a A sMxW + ->t;i'Mlt* 
?>n-5o ^KfiMHTS I I I-V^b 

[0088] (gt 2 ©sissim *&wv>m 2 ©^SSWtr 

ooTv ^l©^5S^Ji:(5lb<iai<&#^UT!JiBS-r 

[0 0 8 9] %2<DnmMX-\±. SffiitUTs (000 
1) BSiCSffil 1 _htc 1 jummj$.<DBM<DA l 0A 
Ga 0-9 NJHI1 2 biWFML;fc*£Jl£fflO 
t. COAlflj Ga 0 .9 -NJBtl 2«®tSi 0 2 

13, £<fcU"V7^ 1 4I± N ■?tl-?n2/zm, 
1 - 1 0 0>£|6]fcbfc ( (IU1 (a)). 



[0 0 9 0] m&mmi 3C^lt5GaNJil 5 it, 
I I I ^#4(3 HVy A (Ga) i:Jg{b7j<m (HC1) 
(D&fc£s8.®X-$ ) Z>te{bi3<)<7A (GaCl) t VgcJifC 
fiCJ^-T (NH 3 ) #*fcffl^S;W Y=y-< V 
VPES»t. SfSl F5-f F 

K-fe y F zlcSf!*HSiTJ(aftiB« 1 0 0 O'Ct^jgf 
4. fi£IigStfg^LTA'?>, HClSI5:20cc/ 
U N H 3 a§: 2 0 0 0 c c /St>T- 5 #fl 
gflU&t-acfcT-x JSfttM^l 3tCGaNJSIl 5© {1 
- 1 0 1} ®4»6«e*77-by h«jgS«S*-frfc (El 
1(b)). 

[0 0 9 1] £<bt^ 2 0 7 >KISS3it^^'> J v;Ufi!tft 
£J8tt\ 1 4^S9*T-GaN©7 7'-hry hfifjt 

i s*&m$-vtc (mi (c) ) . 

[0 0 9 2] 3LV**-> J rJl'0$ 4 g.*mtZZtiZ £. 9 7 
y-fev MfHS£8tf>&# (mi (d) ) , «»fltjtttx 
5B#P^©fifeftT-2 0 0 /J.mmm0>¥-tBt£$iffiZ%-t 2>G 
aNlSBl^tfc (11 (e)). GaNI15ffli 
fiT^ NH 3 #7£#tii&b&a s e>^&T-^iflU, fig 

[0 0 9 3] m2c>nmmz x^xBf&zntzG aNi 

1 5Ctt, SiCSSll toftKR^aw 

it -5 c * * A^fc e> -r * 5 •> * # a o t v v > c £ # mm 

tf^l:'M<»fSlil0 6 cm 2 HJgT-*o 

[0 0 9 4] #£JS«TJ**bfcGaNtttt*M#!i^ 
C£|>ft<, CO±!:U-1fv FET, iSitfHBTftt 

[0 0 9 5) Sfc, SiC»«l lfcBM«ffc«fcx>Tli8! 
£1-5Ci:T-, GaNll 5 LTffl^Sd 

[0 0 9 6] ^2©*SEi? l JT-^ GaNSMOxt:^*^ 
I'A'fifcgOW H VP E?£$:fflV^TffMb*:*^ 

*««t*^b^«»Slffliafta (MOCVD) fcJBVVTfcEJ 

l^ffl^fc* 5 . S iM, ZnOSE Al 2 0 3 * 
fcmm. LiGa0 2 Sfc MgAl 2 0 4 

l±(CJ!Mjl©GaN«l 2^^'WMl/t#, * 
«1 l±tit^v^^$JfJfi!4bT*)«tl>. 
[0 0 9 7] Sfc v-Tx^ 1 4 hbT S i 0 2 Zm^tz 

■&ztiizm i pnzt)<Dx-i*%i<* siN x momm* 
mx-itx^o zvnfcmx-if?*? 1 4®«s 1 o,um 

«&»siw&n5. $^tz^ 7-&< i-ioo 

£m®.<Dfifa< 1 - 1 2 0>T-&<fc <v in^CSlRlA 1 
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[0 0 9 8] £fc£&£S«l l±©i!:LTA 1WL 
0. 1CDA 1 GaN Zm^tzifi* i©$gJ5£l±ff 
-?<£<, Cffllibt^CffilCAlN, InGaNif 

InGaNl, Al 
GaNi, InNE GaPMS^ttGaAsMi 

:R-f£ I I I-V«{b£*K^tt*B©SJtaLT*Era& 

[0 0 9 9] (£3 <Z)3gffi0!l) ##SB/J©!f§ 3 «D£iK0ifc 
OUT, |2I2S;#SSL/-CgKB^-rS. 

[ 0 1 0 0 ] m 3 ©£JS0«t HU Stei: LT\ ( 1 1 
!)®©MgAl 2 0 4 II2 1W:. :©iS 
2 1II!:Si0 2 

^-f-iSi:^* f^y^^T-v;** 2 3 tisBfttfl^ 
2 2tMIUfe. aft«J£2 2, aXTf^7,^2 3li. 

So * h7^7-*fSl(i< 1 1 - 2 O^Iqlhbfc ( (0 

2 (a) ) „ 

[0101] G a NJR©JE8£0\ v^^23 ±lZ&&Hi 
©GaNAWffcWI-rafflfciMUfc/W h'7-f KVP 
EfeSfflOfc. £©Wt-li, I I I«UB*4fc*fyi>A 

(Ga) fcfigfbzkjg (HC1) OSJ»^J*«IT-»*Wb 
*f>;9A (GaCl) is VRg^i^y?-? (NH 

3 ) 

[0102] Ste 2 1 SSMEi:-b f h U zk 

mj37.-&m£;Lt£-tfit> i o o o'cgiKo^ia-c-^iiiiat 

tc'ik. 5 0 0tCK^ HCls£M£0. 5 c c/ 
S#T-0«&U NH 3 ffi.M.1 0 0 0 c c/mfrZ-Sft 

m&m&? zztz\ mikf$.ikmi& 2 3«nonm© 

If©GaNM';77S2 4SMn (0 2 
(b) ) o 

[0 10 3] C©ttffiTN NH 3 #;*£:(&ISL&#6 1 

o o cctiMS-f -a. eJcgsj^^uTA'e., hci 

i£5£ 2 0c c/S»T-tt*SU NH 3 SI1500 

GaNMy77-12 4±CGaNffl {1-10 1}® 
A»e>&S7 7-fev MaS2 5&J&RS-ti-£ (02 

(C) ) c 

[0 10 4] :&b:**'>-WI'J&R«:«tts ^ 

^ 2 3^I^t-GaN12 5©77"lr^ Hiii££git 

tt, «&ftfctt» 5KfP^©^«T-2 0 0A£mflJK©¥JS 
ttSffiS*?* 3GaNR2 5fcJfcfiE£-t*-fc (02 
(d) ) o G a NAM 2 5 ©IMi, NH 3 

[0 10 5] «83®^ii!ifWt«t-3T®J«$nfcGaNBI 



2 5Cli, MfAl 2 0 4 «S2 1fc®l&?Jt»^ 
Zttmil^titzo Lfrt>, if^fiS^$:ffofcG aNIg 

ttt, io 6 cm 2 e^r-feo 

[0106] *mmmZ-5S.M; U:Ga NBtfct*Pffij&«#* 
(I'i>7fc<, dCD±tl/— *r\ FET % ^iVHBT&t 
©ffi&K&TOW ^tgJtSrJ&ll-f 5 d fcT, 9 s > W "aft 
tt£ft±£l*£Ci:;& 5 qJ&£i:&So SfeMgAl 2 0 4 
Ste 2 1 SSFS^CitjT^f GaNJK 

[0107] £3 OHIBMT l±, G a NI(Di f * * v 

*ft«#«ffc^»$WBfS£» (MOCVD) £fflOTfc|s] 

«fc*&s#»e>*is. ztz^mmztt. msai 2 o 4 

§^2 1^^^ Si ZnOSC SiC 
*te, LiGa0 2 Ste, Al 2 0 3 Ste^£/8vvt 
£>l^fl&£&l?l* s f#e>ft£. ^e.CMgA i 2 o 4 2 1 
±{Zi£igv^^SJfMLfe^ IS2 1±CGaNM 

[0108] St?X^14tUSi0 2 SfSl^fc 

*scint:(ge,ns*)©T-{±*<s siN x mcos&m* 

Slt-ii^. $ 2 4©fg£ 1 0/zmi: bt 

HI#»e>ftS. *HSS0'JT-(±, 7h7-f7'S:<l 1-2 
0>^[qj^ff>jEEbfc* s , 77t? h*sff^$naatis i 
ni:SiS©73(qI< 1 - 1 0 0 >T*<t Cft^CD^jRj 

[0109] s tz*mmmz-(±mR±wgj&/* s> ? ?m 

G a Nj&©J&£&froT^5fc«>, fsgfl* 

[0110] *t)C, USS&fJT-ii, GaN©^£#^> 
WHsSdRfc-OOTi^fcA 5 , I n G a Ni, AlGaN 
InNE GaPI« GaAsi'ftxK^tS'^ 

[Oiii] (H 4 ©HfiSW ##i»©» 4 oHlfiMtr 
Ol^T, 0 3, 04£#K*UTiftBj§-f-5. 0 3ttffliRe?l 

[0112] **J£0'JT(±, &mt LZ (0 0 0 1)® 
CA1 2 0 3 Ste4 1±«C 1 >am?IS©Stff(DGaN 
14 2^6i'l;Wl/^lSS^^fc. 

[0113] u©GaNM4 2gIi:Si0 2 

■77'y4 3 tnmmW4 4 C^Lfeo J5£ftfS«4 4 
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li, 4/zm©i6g©;*l# (0 3 (a) ) , — 21**3 jum 
<D=ftM*k (0 3 (b) ) , *J:V5/£mftOjgJgtt 
(S3 (c) ) ©3H«i:^-5T^^$^n^n«v> 
fc. 

[0 114] J&AL&aftM*4 4£rtJt-*-«GaNK 
4 5H\ I I IfiUl*4t MM?VI/#U£A (TMG 
a) ';p<f-;uT;i'S.-^A (TMAl) i:VK/P 

^{CTV^E-T (NH 3 ) #*£fflU5£ti:£Ji{b-& 

(0 1 15] H4ttH3 0fiR£««SJ&«Ufc3£ffi±fc: 
«ffll*ft?SfcJHOT III -Vfi|fb^«l#*»ffltS:JBfiK 

r5xacD««ia-r-fes. »S4 i eftMdHfls^bft 

U&A S £ 1 0 5 0*C©fiBjlS£K#fi-f 3 0 J5fiftigj*A s 
$SlTi»?i< h'J^WJi5AKIS5cc/S» 
U N H 3 ffi.3. 5 0 0 0 c c/mftX 1 0 #fl 
JKfltt&fSCfcTS rtft««4 4CGaN8l4 5© {1 

- i o 1} jS4>6«cS77tf (0 

4 (a) ) o 

[0 116] £e>{^ 3 o»Hfi«it:^*j/t;w8ft 

h«3t^^a^-&t (04 (b) ) , 
[0 1 17] xt^+->tMS&ttt5^i:l:J; 5 G 
aN14 5©77*-t s> HSil (04 

(c) ) , s^jctt, i 2mm<Df8,mx- 1 o o^mm 

Jg©¥tifc3l®£#-ri>GaNjg&4 5£ffM£-£fc (0 
4 (d) ) . 

[0 1 18] 3««©J£tt(DJ5S«»«CJ&58l,&GaN 

[0 1 19] *SISS^JT-^ftbfcGaNMi±^ll* s ^ 

[0 12 0] $^l:t77-f 4 1 £57F®«C«fco 
Tii-rSutf, GaNHU 5 bTfflV^ 

[0 12 1] ^©HfiStf'JT'tt, GaNMOx.W*J/ 
^MStA-f Kv-T h'VPE?£$:ffl^TJfMUfc* s s 
#«l&«<b^«!JafflJ*ft8c (MOCVD) SfflOTfcEI 
tt«* ! ie.H5. ^tAl 2 0 3 SI41» 
fzb\ SiSfRs ZnOStg, S i CSS, LiGaO 
2 Sffix MgAl 2 0 4 m\Rm*R^Ti>ffltfte®} 
mtm^tlZo *6tAl 2 0 3 g«4 1±KJKff© 
GaN14 2 &*W&fi!tbfc* J * MS 4 1 ±fcflS 



[0 1 22] 2LtzT7.<r4 3tLXSiO z fefflvifc 

*^n{c(iie,n-5^©-c-i±^<> siN x ^©testf* 

[0 12 3] SfcGaNOxW^i' + MSCou-c 
S^fetf, InGaNBt, AlGaNE InNI, G 
a PM& % \ M± G a A s flM£^ * > +- LT 4» 

i^«^mA s f#e>ii5o set^s-rsi i i-vsefb 

[0124] (« 5 ©USSM) #$SBJ§©Jf§ 5 ©HMWr 

H5*#Sai/TBi?8-r4. 
[0 1 2 5] »fi5 1 tcli, l/zm©^JP©GaNJ5I5 
2#Bfi£;**lfe (0 0 0 1) ®©tJ-7 7"r7 , StE5 1* 

[0 126] CffiII5 1fflCSi0 2 M^ff^fig 

iov>t^5 3fc»i©«ftfa«5 4t»*Lfc 0 mi 

©J**fP£5 4, fciVlfSl©^^ 3I±^ -eti^en 
2/*nu *5«tl>'5/zm©^ T'tti: bfc- 7> 
77jfPl(i< < 1 1 -2 0>hbfc (0 5 (a) ) o 

[0 12 7] % l©J*ft»tt5 4l:Mf5S10Ga 
NI5 5(£^ ±iB0HSB« 1 kRWC I I IJ&M*C*f 
'JOA (Ga) i:Jgfb7K^ (HC1) 
zmt#>)K?& (GaCl) iVMSCZ^-T 

(NH 3 ) A-X&fflOSA-f K7-f h'VPES^ 
fc- Sffi5 1 H^-T h'O^ftSSC-bf b b„ zk 

^#I3SIT-^S?SS 1 0 0 0*Ctl#iaf «>o 6 5 0*C© 

as 5 i^nh 3 *"^#aMi--r^o isms 

HClSlS:10cc/S^t^ 
U NH 3 SI4 0 0 0 c c/mfrT-6 O^CDjG&S 

x\ mi(o$mmxfsiWLtzm 1© (a) *>e> (e) © 

fieSxfi^^ts M§l©v;*£5 3 5t«)ii^lO 
GaNI5 5%Bl&i-2> (0 5 (b) ) . ilOGaN 
K5 5am NH 3 $Z.mffl$LX"%i&£X-tf:mU 

[0 1 2 8] GaNHI5 5_ttCSU>-S i 0 2 M 

)St5. ^n-^n©^ h5-<7-*Sl±x 2/znru *J;V5 
#mt&»K ^>5-f^*fltt<l l-2 0>i:Ufc 

(05 (c) ) o d©g«5 i±t> bv, micomm. 
mx-m.mvtzm 1 © (a) *>e> (e) ©i&Rissrsi 

T, ^2©-7^^7 5 7^&S^^)Ji^^ *«t-t 1 5 0>am© 
^2C9GaNI5 8 Lfe^H^Wfe 
(05 (d) ) . 

[0 12 9] J5Wlbfc!fl2©GaNJjg5 8©^Ra£:8fi@ 

san^aissa-eBi^&es^ ^Ri* s i o 5 cm 2 w 

[0130)^5 ©^ffi8»JT-lix G a NfOi 
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mm^mit^mm^ (mocvd) fcjBvvrtra 
«&»«i>«»6ii5. $tAi 2 o 3 sig5 

fc A\ Si StR, Z nOlffi, S i CSffi, L i G a O 
2 *ffi> MgAl 2 0 4 *tt*feJBlvrt>Hffll*6» 
ItffieixS. ?6CAl2 0 3 Sffi5 1±lCGaN 

■<r, JKRJtCGaNlR5 2fcj£JH*"*\ fifiiio?^ 
£5 3&J55ftl/tt»«tl>. 
{0 1 3 1] Kfc^X<>5 3tLTS i0 2 Srffl^fc 
£)S3ntpge>n5*iOT-li&<, SiN x ^?©*g3#f* 

^^^UjSJtCOOTj&^t^ InGaNE Al 
GaNfgl, InNE GaP165l-MiGa AsKx 

f * * •> -v vx t> mmteshmim ens. 2 e> £ 

[0132] ■$.§m<D&%mMX\ZG aNSC III- 

&g 6 ft S ©T- »£& < , S£ hte^Sfc 5 << ^ (±MK9I 
W>mt 5 S:t£2> I I I - V^b^^f*©/^^^ 

[0133] (^6 (Dmmm) *&w<?>m e ommmiz 

OUT> E6£#esbTlftB.rf 5o H6{±^B^©J:t: 

a N G a N ^ — V £ K£ 1 5 xfi * m.m 

[0134)06 {C^-T^R 61i:lt 1 A m©§IJP© 
GaNI6 2* i )15m;*ft£: (0 0 0 1) T 
M6l5ffl^fc. C©Sffi6 lgtStCS i 0 2 

©f£:KSS*£6 4i:Mlfc. ^1M«M6 4, 
Ih'^ 1 (DT?*? 6 3tt, ^ft-?ft5,unu i3il>'2/im 
(D7. h7-f7tti:Lfi, * h^-f^lR]^ < 1 1 - 2 
0>#fq]A>e> 1 OSifclWTJf^bfc (El 6 (a) ) „ 
[0 135] ^l©fi!cAtS^6 4C^ft-r5^1©Ga 

Ni6 5t±, ±Mo%m.m \ tmm~ 1 1 

•Jr>A (Ga) t.mt7km in CI) (D&&£.f&VoX& 

s^b**';->A (Gael) tv&mu^-ry^-r 

(NH 3 ) WSfflV^^'f K7-f KVPEv££fflO 
to Sf£6 1 K©fi£ft^S h U 7k 

mm®%x-E!z&&ig. 1 0 0 o-ct;:#??g-r3o 6 5 o-c© 
^* i e>^5 1 sNH 3 #^#iam{--rso /suras 

* s gc^bT*^^ HCliIl$4 0cc/S»t-fit$S 

u nh 3 ass 1 0 0 0 c c/mfr, a&ifi'^y 

( S i H 4 ) f/rtMO . 0 1 c c/mftX 1 5 0#"IH© 

jsst-s m KDmmmxistWLtzmio) (a) *>e 

( e ) o^fiXf?:J?t> s£ 1 ©^ ^63 £if.«>&A, 



>£8lB2 0 0ium©MllOGaNBt6 5*JKj5S-*-5 (El 
5 (b) ) o f lCGaN16 5em NH 3 # 

^^HMT-mta^T-^b, EScft«s«t D^Dtn-r. g 

aNI65ll, n^T-s 1 x 1 0 18 c m" 3 W±©=t * >; 

[0 13 6] art, GaN&*«ttP-if«iS0fl5*{fc 
tt, fiW&Hfti^Svffl/SfcftiS (MOVPE) £fflUTr£ 
mLtzo GaNK6 64M», M0CVDg@»;-by 
h U 7KfK»HJ«,T-f£ftig« 1 0 5 0 o Ct#S-f-5, 6 
5 0°C©iagA>£>NH 3 Si^S 
AQbfc l/um©JP£©n§iGaNJi6 6, Si£v3U)0b 
tO. 4//m©JS£©n§A 1 o. 15$ a 0.85 N ^ * ^ 
167, S iZmnLtzO . lMmCffjonlGaN 

FJ16 8, 2. 5 nm©ff£©7'y K— 7" I n 
0 2 Ga 0 8 NS?#pJf £5 nm©/P2©7> K— n 
n 0 _ 05 Ga 0<95 N|S§MBA^^2> 1 0JllSJ©#SmT-# 
P«|j§?£tt/i 6 9 .. -ey*i/£A (Mg) £?5SADbfe2 
0 nm©l J©pSA lo.2 Ga O .8 N ^ 7 °* M e&^ 
SObfcO. UmOf?OpIGaN^^HI7K 
MgSiSJlDbfcO. 4/im©J?$©pS*Al 0 . 15 Ga 
0 85 N*v >y K/f 7 2> Mg£?SftILfc0. 5/zm©J¥ 
?0pSGaN3^ * hit 7 3£JffiW&£Ul'— if— 
fltil&ffSJbfc. pSOG a N=f>* * hJf 7 3 
bfc&BU HN 3 ^f^#iimT-^igS-r-)fra]b. *£H 
^Si^mOHi-r (06 (c) ) o 2. 5nm(2fJ© 
T>K— 7"I n 0-2 Ga 0 . 8 NS7-#J 3 Jf i:5nmCDff£ 
©T> n 0-05 Ga 0>9 5Nf?MJl*»e>'5cS#Sa 
^#F<g3iSt4il 6 9 7 8 0 g C©jgJST-ff^Ufco 

[0 13 7] U-tf-«it*^jSL-fc-y-77-f 7 

aig6 l&mmmic*? v u ^77^7^61, g 

aNI62, Si0 2 7^^6 3, *«tlh'GaN'^6 
5 6D5'0/zmW«LTGaN«i6 5ft8ta*«S. Stti 
UtGaNI6 5IiClt > (Ti) (A 
1) OnSlS7 4eMU pSOGaN17 3±i: 
(±^>v5r;u (Ni) (Au) ©pft!7 5 <SrJF5fig 
•TS (IH6 (d) ) „ 

[0 13 8] H6C«tl/-'Wll , Ctt> «®tnSm 

ftftztfz &tix$3 x> , ^*© <t a t k 7 -r 31 y ^ > *m 
h ^ < x- a z tz »«fiif^«xfs Asia ■»[ b t- % 

So 

[0 13 9] ■tt77"fri:GaN^4 i ^f*i:li^ 

k b fe u — y «jt©ftftis ^ ? -tt-^ t ntr ct 5 ff^-r 

2>ci:* s Elfr-fe^to 

[0 14 0] cnt-«b> #3fete«Tti:*SB&R8a 5/ J>«e 
OGaN|6 5&iS<JESftf SCi:* 5 T-^2.fc»> ^7 

jeK b fc G a N &#3|f*© b — tf M « t ttteW \tt£ < , ^ 
7c G a NJ8 6 5 ±© U -if SBBt J: ^ «IM^i ^ 
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7-E£ff2J58T£3#Jj££8^-ro &#©H5 

[0141] frnmm-c^ g & um 6 5 ±t u-tf- 

«iiff^LTi»6), tf77Y7M5 1, GaNflg6 
2 S Si0 2 7^*6 3&Bfllttf, U- +f-Jgj§£ 
Z>mtZV7 74 7&fo6 1, GaNI62, Si 
0 2 6 atBFSUTtjRffll&aiR^&tii. 

[0 14 2] #Hfi£0'JT-«:. -tt^T-^TSffie 

1, GaNf62 v Si0 2 7^^630^ j&£ 
7>-GaNjyt6 5 O-gPSrW® LT, nS©*SS*JBJ«L 
£ #> £ ff fc r t K 7 4 x. ry 5=- > ^ t «fc ») n McD G 
aNJB6 6*fctt6 5*T?l»SLnS*fli£]&sKU « 

}in 5 7 -bs £ j&s-r * c i: T«#<&»it 5 c 

[0 14 3] 

[ftWo»*J W±KWUfc«t-5t» **WCJi« 1 1 
CD I I I-V&ft^¥^*Jf £ffM-f£C:fc#T-t 

cia i ] *^b^© hi - vmit-&m*m#.<Difmj5& 
rob -r s xfimssaT- & 2. „ 

[0 2] AlGaN^M$nfcMgAl 2 Q 4 £ 

[as] mtRmz^v**i'*ji>6&g:-tzi&m.mm(Dm 
[04] 03©*jj#u Rvmm<Dmm% 

105] ##l0©fiBft;&££2 0«DigLTjfcJSl,fcG 
aNH0ia«fe5. 



[0 6] #^B^M^SJ ffl^tffM It: G a Nl± 
IZG& NJMMMfcU— !f-«iiS:ff$/Sf 5XS©«Bg0 

1 1 ££ 

1 2 fflKJUBfiESnfc I I I-VM^WSftl 

13 in -vmfb^n*m»^ASktsitiiAMm 

14 

1 5 iti'Jfi'tMSlt III -VMb^»i| 

i6 1 1 1 - vmt.&ta*mM> y 7 -t * y mm. 

2 1 (0 0 0 1 )IOt^77-{7«f(t 
2 2 G a NJ?g 

2 3 x'^^ 

2 5 :xfc:*^i^;i,{£JH_,*:GaNSil 

3 1 (1 1 1) I©MgAl 2 0 4 Stg 
32 1/zmCDGaNSi, StliAl GaNjgl 
3 2 Sffi±fcJ&a£tlfcfiSftffi« 

3 3 «tE±Cjg/A Lfe S i 0 2 JH©V* Z 

3 4 iW^'>t«fiUfeGaNns/77l 

3 5 J\-i FVPEifcT-faRbfcGaNfiS 

4 3 V^<7 

4 4 

5 1 (0 0 0 1) BCtf^WT-a&K 
5 3 Sgl©^*^ 

5 4 « 1 ©f£ftSg££ 

55 ilCGaNl 

5 6 g 2 CD/ft ftfRtt 

57 g2CDVX^ 

58 % 2©GaNl 

6 5 nSGaNI 
6 6 nSGaNI 

6 7 nSAl 0il5 Ga 0it5 N>7»H 

6 8 nIGaNM-f FI 

6 9 1 0ffl«8©£**?#/3*ii«ttS 

7 0 pMAl 0 2 Ga 0 8 NJl 
7 1 pSJGaNft#-f V'JI 

7 2 pSA 1 0 15 Ga 0 85 N^^ ^ hS 

7 3 pIGaN3>^ni 

7 4 Ti-AlfflnSlI 

7 5 Ni-Au©pSlfi 



(14) 



#1^10-312971 



[01] 
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14. 77^ 
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o 0 o°o°o 
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•11.ff<fi 

u 
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□ □□cr 

□ □□cu 
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